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ABSTRACT
Objective: Heme oxygenase-1 (HO-1) is enzyme that possesses antioxidant, anti-inflammatory, and cytoprotective functions. Induction of HO-1 
occurs as an adaptive and beneficial response to various injurious stimuli such as oxidative stress. This study is aimed at monitoring the effects of 
administration of equal doses (50 mg/kg) of sulforaphane (SFN), curcumin, quercetin, indole-3-carbinol, and butylated hydroxyanisole (BHA) for 
14 days on the levels of liver HO-1 gene and protein expression in mice.
Method: A total of 48 adult male ICR white mice (25–30 g) were divided into eight groups: Normal control group (n=6), SFN-treated group (n=6), 
quercetin-treated group (n=6), curcumin-treated group (n=6), BHA-treated group (n=6), indole-3-carbinol treated group (n=6), vehicle 1 control 
group (n=6), and vehicle 2 control group (n=6). All chemicals were administered intraperitoneally at a dose of 50 mg/kg for 14 days. Vehicle 1 
(dimethyl sulfoxide, TweenTM 20, and normal saline at a ratio of 0.05:0.1:0.85) was used to dissolve SFN, quercetin, and curcumin. Vehicle 2 (corn 
oil) was used to dissolve indole-3-carbinol and BHA. At day 15, the animals were sacrificed and their livers were isolated. From the liver, total RNA 
was extracted, reverse transcribed and subjected to quantitative real-time polymerase chain reaction to detect HO-1 gene expression. Agarose gel 
electrophoresis was also performed to verify the specificity of the amplification. HO-1 protein expression was determined by Western blotting.
Results: HO-1 gene expression showed significant increase of 4.6±0.3, 3.6±0.2, 3.6±0.4, 3.3±0.3, and 3.0±0.4-fold and HO-1 protein expression 
showed significant increase of 2.3±0.2, 2.2±0.2, 2.2±0.1, 1.8±0.1, and 1.7±0.2-fold following treatment with 50 mg/kg of SFN, indole-3-carbinol, BHA, 
curcumin, and quercetin, respectively, compared to controls (p<0.05).
Conclusion: At a dose of 50 mg/kg, SFN administration for 14 days resulted in the highest induction of HO-1 gene and protein expression level in mice 
liver, and quercetin the lowest.
Keywords: Heme oxygenase-1, Gene expression, Protein expression, Sulforaphane, Quercetin, Curcumin, Indole-3-carbinol, Butylated hydroxyanisole, 
Mice, Liver.
INTRODUCTION
It has been well-documented since decades ago that a diet rich in fruits 
and vegetables is epidemiologically proven to protect humans from 
developing cancer [1]. Fruits and vegetables are well known to have high 
antioxidant content, which promotes the removal of reactive oxygen 
species generated during normal oxidative metabolism and by reactions 
initiated by unwanted xenobiotic chemicals [2]. Some phytochemicals 
found in food and phenolic antioxidants are chemoprotective, in the 
sense that they are able to induce the expression of genes and proteins 
involved in cellular defense mechanism. The upregulated expression of 
cellular defense genes and proteins is essential for protection against 
oxidative/chemical stress. Some of these proteins are classified as phase 
II drug metabolizing enzymes, although other enzymes and antioxidant 
proteins are also involved. These proteins are known as phase II 
proteins [3]. Phase II proteins have been recognized to be modulated by 
the ARE/Nrf2 antioxidative signaling pathway [4,5]. Heme oxygenase-1 
(HO-1) is a classic example of the phase II protein controlled by the Nrf2 
signaling pathway [6]. HO-1 is a rate-limiting enzyme that catalyzes the 
degradation of heme (a pro-oxidant) to carbon monoxide, biliverdin, 
and free iron [7]. HO-1 induction is important in terms of cellular 
defense mechanism due to the fact that HO-1 expression is inducible in 
response to various forms of cellular insult. Moreover, the end products 
of HO-1 catabolism exhibit antioxidative, anti-inflammatory, and anti-
apoptotic properties [7].
Sulforaphane (SFN), indole-3-carbinol, curcumin, and quercetin 
have been known to induce HO-1 activation and expression in 
various conditions [8-13]. However, no one has ever compared which 
phytochemical is the most potent in inducing the expression of HO-1 
in mice liver where the liver is healthy and not subject to any disease 
and toxicity. Therefore, the novelty of this current study lies on 
the identification of the most potent HO-1 inducer among the four 
phytochemicals studied, for example, SFN, indole-3-carbinol, curcumin, 
and quercetin The most potent phytochemical could then be promoted 
as liver chemoprotectant, due to the fact that HO-1 has antioxidant, 
anti-inflammatory, and antiproliferative activities. The objective of 
this study was, therefore, to determine the nature and potency of HO-1 
expression in mice liver induced by equal doses (50 mg/kg) of several 
common phytochemicals found in fruits and vegetables, i.e., SFN, 
curcumin, indole-3-carbinol, and quercetin. Butylated hydroxyanisole 
(BHA) is widely used as an antioxidant and preservative in food, food 
packaging, and medicines [14]. In this study, BHA was used as positive 
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(Oceanside, CA, USA). TRIzol Reagent was purchased from Life 
Technologies (Carlsbad, California, USA). iScriptTM cDNA synthesis 
kit, iQTM SYBR® supermix (2X) kit, and 48-well MiniOpticonTM thermal 
cycler were purchased from Bio-Rad (Hercules, California, USA). SFN 
was purchased from Santa Cruz Biotechnology (Paso Robles, California, 
USA). Gel Red Nucleic Acid Gel Stain (10,000× in water) was purchased 
from Biotium (Hayward, California, USA). SFN was purchased from 
Santa Cruz Biotechnology (Paso Robles, California, USA). Curcumin, 
quercetin, and all other chemicals were purchased from Sigma-
Aldrich (St. Louis, Missouri, USA). RIPA lysis buffer and anti-rabbit 
IgG peroxidase secondary antibody were purchased from Santa Cruz 
Biotechnology (Dallas, USA). Chemiluminescence Western blotting 
detection reagents were purchased from Amersham (Uppsala, Sweden). 
Nitrocellulose membrane and Ponceau S solution were purchased from 
Sigma-Aldrich (Seelze, Germany). HO-1 polyclonal primary antibody 
and β-actin rabbit polyclonal antibody were purchased from Abcam 
Biotechnology (Cambridge, UK). All other chemicals were purchased 
from Sigma-Aldrich unless otherwise stated.
Animals used and their treatments
A total of 48 male ICR white mice (25–30 g) were used in this study and 
were obtained from the Universiti Kebangsaan Malaysia Laboratory 
Animal Research Unit. The weight of mice was chosen between 25 and 
30 g because, at that range of weight, they are categorized as adult 
mice [16-18]. Male mice were chosen in this study because their livers 
are larger than female mice. Furthermore, male mice are not subjected 
to estrous cycles that can complicate the pharmacological studies of 
rodents. Most animal pharmacology/toxicology studies have been 
performed with male mice due to the fact that female mice undergo 
estrous cycles that could create a tremendous amount of variability in 
experimental results [19]. The mice were kept in clean polypropylene 
cages in a ventilated room, with food and water available ad libitum. 
The mice were divided into eight groups: (1) Normal control (NC) 
group (n=6), (2) SFN-treated group (n=6), (3) quercetin (QRC)-
treated group (n=6), (4) curcumin (CUR)-treated group (n=6), (5) BHA-
treated group (n=6), (6) indole-3-carbinol (I3C) treated group (n=6), 
(7) vehicle 1 (VH1) control group (n=6), and (8) vehicle 2 (VH2) control 
group (n=6). Vehicle 1 (dimethyl sulfoxide [DMSO], Tween 20, and 
normal saline at a ratio of 0.05:0.1:0.85) was used to dissolve SFN, 
quercetin, and curcumin. Vehicle I (DMSO, TweenTM 20, and normal 
saline in the ratio of 0.05:0.1:0.85) were similarly administered to 
the vehicle 1 control group. Vehicle 2 (which is corn oil) was used to 
dissolve indole-3-carbinol and BHA. Vehicle 2 (corn oil) was similarly 
administered to the vehicle 2 control group. NC mice were given food 
and water ad libitum and were not subjected to any kind of treatment. 
Previous studies that investigated the effects of phytochemicals in mice 
tissues (especially the liver) had used 5, or 6 mice per each experimental 
group studied [9,20-24]. Eight (8) experimental groups were utilized in 
this present study, and since each group was assigned to include 6 mice, 
the total number of mice used in this study is 48. All chemicals were 
administered intraperitoneally at a dose of 50 mg/kg body weight for 
14 consecutive days. In previous studies [9,12,20-22,24,25], the dose of 
50 mg/kg of several phytochemicals (SFN, indole-3-carbinol, quercetin, 
and curcumin) was effective in inducing several important antioxidant 
enzymes expression (including HO-1). Therefore, the phytochemical 
dose of 50 mg/kg was chosen in this current study because we wanted 
to observe which phytochemical is the most potent in inducing HO-1 at 
that particular dose. At day 15, mice were sacrificed through cervical 
dislocation. Their livers were subsequently isolated, snapped frozen in 
liquid nitrogen and stored at −80°C until further use. All experimental 
procedures involving animals were approved by the Universiti 
Kebangsaan Malaysia Animal Ethics Committee with the approval 
number: FP/FAR/2012/AZMAN/23-MAY/442-JUNE-2012-JUNE-2015.
RNA extraction
Total RNA from frozen liver tissues was isolated using TRIzol reagent, 
according to the manufacturer’s instructions. Isopropyl alcohol (Sigma, 
USA) was added in each extraction step to precipitate the total RNA. 
The extracted total RNA pellet was then washed with 75% ethanol and 
air-dried at room temperature. The dried pellet containing total RNA 
was then dissolved in RNase-free water. The dissolved total RNA was 
then immediately stored at −80°C after extraction. The concentration 
and purity of the extracted total RNA were determined by NanoDrop 
spectrophotometer 2000c (Thermo Scientific, USA) at a wavelength of 
260 nm (OD260). Total RNA with RNA integrity number ranging from 7 
to 10 and absorbance ratio of A260 to A280 ranging from 1.5 to 2.0 was 
subsequently used for cDNA synthesis.
Reverse transcription
The conversion of RNA to cDNA was achieved using the iScriptTM 
cDNA synthesis kit (Bio-Rad, USA) and was performed according to 
the manufacturer’s instructions. Briefly, a volume (containing 1 µg) of 
total RNA from each sample was added to a mixture of 4 µl of 5× iScript 
reaction mix, 1 µl of iScriptTM reverse transcriptase, and a suitable 
volume of nuclease-free water (the final reaction mixture volume is 
20 µl). The final reaction mixture was kept at 25°C for 5 min, 42°C for 
30 min, and heated to 85°C for 5 min in a thermocycler (TC-412, Techne, 
Barloworld Scientific, UK). The cDNA produced was subsequently used 
as a template for amplification by PCR technique.
Quantification of HO-1 gene expression by quantitative real-time 
PCR
Quantitative real-time PCR was performed on the MiniOpticonTM cycler 
(Bio-Rad, USA). The total reaction volume used was 20 µl, consisting of 
1 µl of 10 µM forward primer and 1 µl of 10 µM reverse primer (500 
nM final concentration of each primer), 10.0 µl of iQTM SYBR® Green 
Supermix (2×) (Bio-Rad, USA), 6.0 µl of nuclease-free water, and 2.0 µl of 
cDNA. Both forward and reverse primers for the genes of interest in this 
study were synthesized by Vivantis Technologies (Oceanside, CA, USA). 
The primer sequences for our genes of interest are shown in Table 1.
The thermocycling conditions were initiated at 95°C for 30 s followed by 
40 PCR cycles of denaturation at 95°C for 15 s and annealing/extension 
at 60°C for 30 s. At the end of each cycle, a melting curve (dissociation 
stage) step was initiated to determine the specificity of the primers and 
the purity of the final PCR product. All measurements were performed 
in triplicate, and no-template controls were incorporated onto the 
same set of PCR tubes to test for contamination by any assay reagents. 
Threshold cycles were determined for each gene and quantification 
of templates was performed according to the relative standard curve 
method. The relative gene expression (∆∆Ct) technique, as defined in 
the Applied Biosystems User Bulletin No. 2 [26] was used to analyze the 
real-time PCR data. In short, the expression level of each target gene was 
given as relative amount normalized against GAPDH standard controls. 
Subsequently, agarose gel electrophoresis was performed to determine 
the reliability of the melting curve analysis and to confirm the size of the 
PCR product. Briefly, electrophoresis was performed using 1% agarose 
gel to separate the real-time PCR products. GelRedTM nucleic acid gel 
stain (Biotium, USA) was used to stain the gels for 30 min, and the 
gels were subsequently de-stained in distilled water for 30 min. Bands 
were then visualized under ultraviolet light using a gel documentation 
system (FluorChem FC2, Alpha Innotech, USA).
Preparation of cytosolic protein fraction
Liver tissue samples were homogenized in RIPA lysis buffer (which 
contained 10 µl PMSF, 10 µl sodium orthovanadate, and 10 µl protease 
inhibitor cocktail solution per 1 ml of 1× RIPA lysis buffer). After 
centrifugation, the supernatants (cytosolic fractions) were collected 
and their protein concentrations were determined.
Table 1: Primer sequence for GAPDH and HO-1
Gene of interest Primer sequence
GADPH F: 5’-GTGGAGTCTACTGGTGTCTTCA-3’
R: 5’-TTGCTGACAATCTTGAGTGAGT-3’
HO-1 F: 5’-CCTCACTGGCAGGAAATCATC -3’
R: 5’-TATGTAAAGCGTCTCCACGAGG -3’
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Western blotting
The conventional western blotting procedure was performed for the 
immunodetection of HO-1 protein. In short, 100 µg of liver protein 
was separated using 15% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis. The proteins that were trapped within the gel were 
then transferred to a nitrocellulose membrane. The membrane was 
then incubated for 20 min at room temperature in blocking solution 
(150 mM NaCl, 3 mM KCl, 25 mM Tris, 0.1% [v/v] tween-20, and 10% 
non-fat milk powder [pH 7.4]). After the blocking procedure, the 
membrane was sequentially incubated with the following antibodies, 
i.e., primary polyclonal rabbit anti-mouse HO-1 and primary polyclonal 
rabbit anti-mouse actin for 1 h at room temperature. Subsequently, 
incubation with a peroxidase-conjugated goat anti-rabbit IgG secondary 
antibody was carried out for another 1 h at room temperature. Protein 
bands were visualized using enhanced chemiluminescence method 
according to the manufacturer’s instructions (Amersham, Uppsala, 
Sweden). The intensity of the protein bands was quantified, relative to 
the signals obtained for actin, using ImageJ software.
Statistical analysis
Data are presented as mean ± standard error of the mean. Significant 
differences between mean values of multiple groups were determined 
using one-way ANOVA and student’s t-test. Statistical analysis was 
conducted using the SPSS software version 22. The result was 
considered statistically significant when p<0.05.
RESULTS
The effects of administration of equal doses of 
SFN, indole-3-carbinol, curcumin, and quercetin on mice liver 
HO-1 gene expression
The gene expression of liver HO-1 showed significant increase of 
4.6±0.3, 3.6±0.2, 3.3±0.3, and 3.0±0.4-fold following treatment of 
mice with 50 mg/kg SFN, indole-3-carbinol, curcumin, and quercetin, 
respectively, for 14 days, as compared to controls (p<0.05) (Fig. 1). 
Therefore, in terms of liver HO-1 gene expression, the inducing potency 
of the phytochemicals was in the order of SFN > indole-3-carbinol > 
curcumin > quercetin. BHA as the positive control significantly induced 
the gene expression of liver HO-1 by 3.6±0.4-fold (p<0.05).
The effects of administration of equal doses of SFN, indole-3-
carbinol, curcumin, and quercetin on mice liver HO-1 protein 
expression
The protein expression of liver HO-1 showed significant increase of 
2.3±0.2, 2.2±0.2, 1.8±0.1, and 1.7±0.2-fold following treatment of 
mice with 50 mg/kg SFN, indole-3-carbinol, curcumin, and quercetin, 
respectively, for 14 days, as compared to controls (p<0.05) (Fig. 2). 
Therefore, in terms of liver HO-1 protein expression, the inducing 
potency of the phytochemicals was in the order of SFN > indole-3-
carbinol > curcumin > quercetin. BHA as the positive control significantly 
induced the protein expression of liver HO-1 by 2.2±0.1-fold (p<0.05). 
As observed, the pattern of the results for liver HO-1 protein expression 
was agreeable with those of liver HO-1 gene expression (compare 
Figs. 1 and 2).
DISCUSSION
Excess heme in the body is one of the factors that could result in increased 
oxidative stress. Degradation of heme by HO-1 and the production of 
heme degradation compounds are, therefore, important measures 
to decrease the level of oxidative stress, inflammation, and cytotoxic 
reactions in the body [27]. Proinflammatory cytokines such as tumor 
necrosis factor α, transforming growth factor β, and interleukin-1 β 
had been found to increase HO-1 activation, which suggested that the 
body was responding toward the injurious stimuli subjected toward 
it [28]. HO-1 knockout mice have been discovered to possess enlarged 
spleen and increased incidence of hepatic lesions due to the occurrence 
of unchallenged chronic inflammatory process [29]. Humans with 
HO-1 deficiency have been shown to be susceptible to oxidative stress 
and inflammation which will eventually lead to severe endothelial 
damage [30]. Induction of HO-1 has been shown to prevent hepatocyte 
damage due to oxidative stress [31]. Many of the classical HO-1 triggers 
have been shown to induce HO-1 expression through nuclear factor 
E2-related factor 2 (Nrf2) binding to the antioxidant response element 
in the promoter region of HO-1 gene [32]. Experiments conducted on 
Nrf2-deficient mice showed the importance of Nrf2 in stress-dependent 
Fig. 1: Effects of intraperitoneal administration of 50 mg/kg 
sulforaphane, curcumin, quercetin, indole-3-carbinol, and 
butylated hydroxyanisole for 14 days on HO-1 gene expression 
in the livers of mice using real-time PCR (qPCR). GAPDH was 
designated as the reference gene. Data were represented as 
mean ± SEM of six experiments, n=6. *p<0.05 compared to all 
control groups (normal control, vehicle 1 control, and vehicle 2 
control groups). NC: Normal control, VH1: Vehicle control 1 group 
(vehicle 1 treated group), VH2: Vehicle 2 control group (vehicle 2 
treated group), SUL: Sulforaphane-treated group, CUR: Curcumin-
treated group, QRC: Quercetin-treated group, BHA: Butylated 
hydroxyanisole-treated group, I3C: Indole 3 carbinol-treated 
group. Agarose gel electrophoresis was also performed to confirm 
the results of qPCR experiments
Fig. 2: Effects of intraperitoneal administration of 50 mg/kg 
sulforaphane, curcumin, quercetin, indole-3-carbinol, and 
butylated hydroxyanisole for 14 days on HO-1 protein expression 
in the livers of mice using western immunoblotting. Data were 
represented as mean ± SEM of six experiments, n=6. *p<0.05 
compared to all control groups (normal control, vehicle 1 control, 
and vehicle 2 control groups). NC: Normal control, VH1: Vehicle 
control 1 group (vehicle 1 treated group), VH2: Vehicle 2 control 
group (vehicle 2 treated group), SUL: Sulforaphane-treated 
group, CUR: Curcumin-treated group, QRC: Quercetin-treated 
group, BHA: Butylated hydroxyanisole-treated group, I3C: Indole 
3 carbinol-treated group. β-actin served as the housekeeping 
protein. The graph represents the relative amount of HO-1 band 
density normalized to β-actin
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induction of HO-1 because HO-1 was found to be less inducible in such 
mice [33].
Great importance has been emphasized on the consumption of plant-
derived natural compounds such as curcumin, SFN, polyphenols, 
flavonoids, and isothiocyanates as potential chemopreventive agents. 
Various studies done on these compounds have repeatedly shown 
that they possess anticancer properties. Therefore, the utilization of 
these compounds as natural anticancer therapies should be thoroughly 
explored [34]. One of the research areas that need to be explored is 
the extent to which these phytochemicals induce antioxidant enzymes 
in vivo. HO-1 is a unique enzyme with potent anti-inflammatory, 
antioxidative, and anti-proliferative effects. Furthermore, HO-1 has 
been postulated to be important in cellular protection. Increasing 
the expression of HO-1 could be an effective therapeutic intervention 
to combat certain ailments. Therefore, inducing HO-1 expression by 
pharmacological means could increase the antioxidant capacity of 
numerous types of cells [35]. Phytochemicals such as SFN, curcumin, 
and quercetin have been shown to induce HO-1 expression in liver cells 
(hepatocytes) as well as in the liver itself [10,36,37]. However, what 
is not known is which of these phytochemicals are the most potent 
in inducing HO-1 expression. The results of our study clearly showed 
that SFN is the most potent in terms of inducing HO-1 expression in 
mice liver, followed by indole-3-carbinol, curcumin, and quercetin. 
Therefore, increased consumption of SFN rich food such as broccoli 
in humans could be beneficial in terms of general health and cancer 
chemoprevention strategy. At present, not much can be done to prevent 
liver cell damage and degeneration. Therefore, the induction of HO-1 
by safer means such as supplementation with natural products may 
be an effective strategy to prevent liver carcinogenesis and other liver 
diseases such as alcohol-dependent liver damage, liver ischemia/
reperfusion injury, and liver fibrosis [8,38-40]. The results of this study 
indicated that SFN, quercetin, and curcumin were able to induce HO-1 
gene expression in mice liver. Therefore, it can be hypothesized that 
these chemicals induce HO-1 expression in the liver as part of their 
chemoprevention/chemoprotective effects; however, more studies are 
needed to confirm this.
Previous studies have shown that SFN, curcumin, and quercetin 
were able to induce HO-1 activation and expression when the liver 
was subjected to oxidative and/or chemical stress, for example, 
ethanol, paracetamol, and carbon tetrachloride (CCl4)-induced 
liver toxicity [8-11,13]. However, none of those studies had attempted to 
find out which phytochemical is the most potent in inducing liver HO-1 
expression in normal unstressed conditions. Therefore, we undertook 
this study to find out which phytochemical is the most potent in inducing 
liver HO-1 expression in normal wild-type unstressed white mice. 
This is because stressful conditions, for example, liver injury/toxicity 
might mask/inhibit the natural capacity of the liver to induce HO-1 
expression. As our results suggested, in the unstressed healthy liver, the 
most potent inducer of liver HO-1 expression is SFN.
There are several limitations associated with this study. Only four 
phytochemicals were utilized in this research. Other phytochemicals 
which are not tested could prove to be more potent than SFN. Only one 
dose of phytochemicals (50 mg/kg) was administered. Higher doses 
of phytochemicals could result in different HO-1 induction levels and 
patterns. Only healthy mice were used in this experiment. The HO-1 
induction response and pattern might be different if the mice are 
challenged with liver disease or liver toxicity. Only mice were used in 
this study. Results (induction response and pattern) obtained using 
other rodents (e.g., rats) and species (e.g., humans) might be different 
from mice. Longer duration of treatment might also result in different 
levels and patterns of HO-1 induction. In recent years there has been 
tremendous development of various novel drug delivery systems for 
herbal drugs, which could deliver the herbal preparations inside the 
body with higher bioavailability. Liposomes have been used as novel 
carriers for numerous phytochemicals since it could entrap both 
hydrophilic and lipophilic drugs with great success [41]. Therefore, for 
SFN (or other phytochemicals) to have greater bioavailability in the 
body, SFN should be delivered using liposomes (or other newer and 
effective delivery systems) so that maximal therapeutic effects could be 
elicited.
CONCLUSION
According to the findings of this study, at a dose of 50 mg/kg for 14 days, 
administration of SFN has the most significant impact on the induction 
of HO-1 expression in the liver of mice, followed by indole-3-carbinol, 
curcumin, and quercetin. SFN can be found abundantly in cruciferous 
vegetables such as broccoli. HO-1 is transcriptionally upregulated 
by a large variety of stimuli, for example, heme, oxidative stress, 
signaling proteins, cytokines, and organic chemicals. Therefore, the 
induction of HO-1 by pharmacological means, preferentially through 
supplementation of various forms of natural products, offers a potential 
new therapeutic target for liver degenerative diseases. In this respect, 
for some very promising chemoprotective phytochemicals such as SFN, 
the recommended therapeutic dose which is effective in the prevention 
or treatment of liver diseases should be aggressively investigated. 
Results obtained from this study further strengthen the importance of 
consuming more fruits and vegetables which could potentially prove 
to be an affordable chemoprotective measure in the long run. Further 
studies should be done to conclusively support this strategy.
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